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Psoriasis is a heterogeneous disease with seven major
psoriasis susceptibility loci reported so far on chromo-
somes 1p, 1q, 3q, 4q, 6p, 17q, and 19p, respectively.
To investigate the psoriasis susceptibility loci in Chinese
Hans, a genome-wide scan was performed with
two-point and multipoint parametric and nonpara-
metric linkage analyses in 61 multiplex families. These
families were Chinese Hans residing in east and
south-east China, comprising 189 a¡ected and 166 unaf-
fected individuals. We detected evidence for linkage
at 6p21 (PSORS1) with nonparametric linkage scores
4 3 in the range of 39.9^62.3 cM and a maximum
multipoint nonparametric linkage score of 4.58 (p¼
0.000032). Parametric analysis revealed a maximum
two-point heterogeneity lod score of 4.30 with 58% as
the proportion of linked families (a) and a maximum
multipoint heterogeneity lod score of 4.25 (a¼53%)
under the assumption of a dominant model. We could
not con¢rm a previous reported locus (PSORS3) on distal
chromosome 4q; however, a region of highly suggestive
linkage was identi¢ed proximal to this proposed locus.
Multipoint nonparametric analysis demonstrated non-
parametric linkage scores 4 3 throughout a region
between 152.5 cM and 165.1 cM (from pter) with a max-
imum peak of 3.69 (p¼ 0.00033) at 157.9 cM, which
locates D4S413. A maximum multipoint heterogeneity
lod score of 2.31 (a¼46%) was reached at 163.1 cM.With
two-point parametric linkage analysis, we observed the
highest lod score of 2.43 and heterogeneity lod score
of 3.94 (a¼ 77%) at marker D4S1597. Our results showed
that chromosomes 6p and 4q may contain genes involved
in the susceptibility to psoriasis vulgaris in a Chinese
Han population. Other regions with weaker evidence
for linkage could also hide minor susceptibility genes.
Key words: genome-wide scan/linkage analysis/psoriasis/sus-
ceptibility. J Invest Dermatol 119:1361 ^1366, 2002
P
soriasis is a common chronic in£ammatory and hyper-
proliferative skin disease with a strong genetic compo-
nent (Elder et al, 1994; Zhang et al, 2000). Psoriasis
vulgaris is the most common type (4 90%), whereas
other clinical forms include guttate, erythrodermic,
and palmoplantar psoriasis (Camp, 1998). The disease is character-
ized by hyperproliferation in the epidermis, which results in red
scaly patches mainly a¡ecting the scalp, elbows, and knees. It has
long been suggested that psoriasis is an autoimmune disease
involving interaction between cytokines and various cells of
immune system (Baadsgaard et al, 1990). An in¢ltration of
lymphocytes and macrophages is seen in psoriatic lesions and
the abnormal keratinocyte proliferation is mediated through the
activated T cells (Valdimarsson et al, 1995). Psoriasis prevalence
ranges from 0 to 3% and shows a wide variability among ethnic
groups (Capon et al, 2000). The estimated prevalence of psoriasis
is 2% in the U.S.A. and northern Europe (Krueger and Duvic,
1994). In China, psoriasis a¡ects 0.123% of the population and
there have been more than 3 million cases reported since 1984
(Shao, 1996). Psoriasis is considered to be a genetically complex
disease with an inheritance pattern not following any simple
Mendelian model (Elder et al, 1994). Several genome-wide scans
have been conducted in the psoriasis pedigrees (Tomfohrde et al,
1994; Matthews et al, 1996; Nair et al, 1997; Trembath et al, 1997;
Capon et al, 1999a; Enlund et al, 1999b; Lee et al, 2000; Veal et al,
2001). PSORS1 at 6p21 is a major psoriasis susceptibility locus
that has been con¢rmed by several studies (Trembath et al, 1997;
Nair et al, 1997; Capon et al, 1999b; Enlund et al, 1999a; Veal et al,
2001). Recently, PSORS1 was further mapped within a 60 kb
genomic segment telomeric to HLA-C (Nair et al, 2000). Other
signi¢cant linkages have been reported at the loci on chro-
mosomes 17q (PSORS2) (Tomfohrde et al, 1994), 4q (PSORS3)
(Matthews et al, 1996), 1q (PSORS4) (Capon et al, 1999a), 3q
(PSORS5) (Enlund et al, 1999b), 19p (PSORS6) (Lee et al, 2000),
and 1p (PSORS7) (Veal et al, 2001). Evidence for suggestive linkage
was also found on chromosomes 2q, 8q, 16q, and 20p (Matthews
et al, 1995; Nair et al, 1997; Trembath et al, 1997; Bhalerao and
Bowcock, 1998; Enlund et al, 1999b). In addition, the loci on chro-
mosomes 17q and 1q have been reported in at least two indepen-
dent genome scans (Bhalerao and Bowcock, 1998; Capon et al,
2000). Independent replications of most psoriasis susceptibility
loci, however, have proved to be di⁄cult. The lack of consistence
among di¡erent studies may indicate that the susceptibility genes
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could vary considerably among populations. Identi¢cation of sus-
ceptibility genes for psoriasis has proved much more di⁄cult.
Not only could the phenotype be largely in£uenced by many en-
vironmental factors, but the susceptibility to psoriasis is also af-
fected by heterogeneity and ethnic variation of the relevant genes.
MATERIALS AND METHODS
Population studied A total of 61 Chinese Han multiplex families from
east and south-east China with at least two a¡ected siblings were identi¢ed
by experienced dermatologists in the Department of Dermatology, First
A⁄liated Hospital of Anhui Medical University (Hefei, China). The
characteristics of the families studied were summarized in Table I. A
diagnosis of psoriasis vulgaris was made under standard clinical criteria
(Camp, 1998). Only patients who showed clear signs of plaque type in
scalp, elbows, knees, or other areas at the time of examination, were
scored as a¡ected. Symptom-free family members younger than 20 y of
age were excluded from the study because the peak age of onset for
psoriasis vulgaris is about 25 y of age (Zhang et al, 2000). Families with
both parents a¡ected were excluded, and nobody’s disease status was
classi¢ed as unknown in this study. The mean age of onset in this group
of 189 a¡ected individuals [107 male (56.6%) and 82 female (43.4%)] was
23.8 y (range 2^64). The protocol of the study was approved by the
Ethical Committee of the Chinese National Human Genome Center at
Shanghai.
Genotyping Genomic DNA were extracted from peripheral blood
leukocytes by the standard procedure (Miller et al, 1988). Microsatellite
markers (ABI Prism Linkage Mapping Set Version 2) were purchased
from Applied Biosystems (Foster City, CA). All the markers were
subdivided into 30 panels following the guidelines of the kit and were
ampli¢ed using multiplex polymerase chain reaction with a touchdown
algorithm to meet the di¡erent annealing temperatures of these markers.
Initially, 276 microsatellites from Linkage Mapping Set Version 2 were
successfully ampli¢ed. In the candidate regions, which showed ‘‘nominal’’
evidence for linkage (pr0.05), 28 additional microsatellite markers were
selected to con¢rm these regions. Therefore, a total of 304 microsatellite
markers were typed, with the mean resolution of 11.5 cM. The Genethon
linkage map (Dib et al, 1996) was used to establish intermarker distances
for the genome scan. The mean heterozygosity of these markers was 0.77.
Polymerase chain reactions were carried out in a cocktail of 5 ml, including
10 mMTris^HCl, pH 8.3, 50 mM KCl, 0.1mg gelatin per ml, 3.0 mM MgCl2,
0.2 mM deoxyribonucleoside triphosphate (each), 0.2 UAmpliTaq GoldTM,
0.04 mM of each primer, and 10 ng of genomic DNA.The polymerase chain
reaction conditions were:Taq activation at 941C for 12min, followed by 40
cycles, each having denaturation at 941C for 30 s, annealing at 561C for 60 s
and extension at 721C for 90 s, except that in the ¢rst 15 cycles the
annealing temperature decreased from 631C to 561C by 0.51C per cycle,
and the ¢nal extension was 721C for 10min.The polymerase chain
reaction products were separated on a MegaBACE-1000 DNA sequencer
(Amersham Pharmacia Biotech). Genetic Pro¢ler software was used for
size calculation of all the alleles. All genotyping data were veri¢ed by
PedCheck (O’Connell and Weeks, 1998). Genotypes of each locus were
further reviewed and scored independently by two observers and retyped
in case of discrepancy.
Statistical analyses GENEHUNTER (Version 2.0) was used for
nonparametric linkage (NPL) and parametric linkage analyses. We
performed two-point and multipoint NPL analyses based on the degree
of identity by descent allele sharing among a¡ected members. In addition,
we calculated two-point and multipoint LOD scores under both
homogeneity and heterogeneity in di¡erent models of inheritance. It has
been shown that maximizing LOD scores over multiple genetic models
increases the power to detect linkage when the true mode of inheritance
of the disease is unknown (Hodge et al, 1997). Using a population
prevalence of 0.123% (Chinese Investigation Group of Psoriasis
Prevalence, 1986), we maximized LOD scores under the dominant and
recessive modes of inheritance over various penetrance models (10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, and 99%). Under the
assumption of locus heterogeneity, HLOD scores were maximized for
varying fractions of linked families (alpha) by use of GENEHUNTER
(Kruglyak et al, 1996).
RESULTS
All the loci with ‘‘nominal’’ evidence for linkage (pr0.05) under
NPL analysis and the loci with LOD scoreZ1 under parametric
linkage analysis were presented inTable II. The maximized LOD
and HLOD scores of these loci shown inTable II and Figs 1 and
2 were obtained under the assumption of a dominant inheritance
model with the disease-allele frequency of 0.0062 and penetrance
of 0.10. The average information content (part of GENEHUN-
TER) was 80% for the genome-wide scan.The information con-
tents on chromosomes 4q and 6p were shown in Figs 3 and 4,
respectively. Multipoint linkage analysis of chromosome 4
showed a putative peak of NPL scores 4 3 in the range of
152.5^165.1 cM, and D4S413, which was 157.9 cM from pter gave
the maximum NPL score of 3.69 with the corresponding p-value
of 0.00033. Multipoint NPL scores of the ¢ve neighboring
markers (D4S424 at 143.8 cM, D4S3008 at 152.5 cM, D4S2997
at 159.1 cM, D4S1597 at 169.1 cM, and D4S2979 at 170.9 cM)
were 2.57 (p¼ 0.0061), 3.03 (p¼ 0.0019), 3.59 (p¼ 0.00042), 2.83
(p¼ 0.0032), and 2.62 (p¼ 0.0054), respectively (Fig 1). We also
observed a maximum multipoint HLOD score of 2.31
(a¼46%) at 163.1 cM (between D4S2997 and D4S1597) (Fig 1).
Two-point parametric analysis revealed the maximum LOD
score of 2.43 under homogeneity and a HLOD score of 3.94 with
77% as the proportion of linked families at D4S1597. The maxi-
mum two-point NPL score of 2.68 (p¼ 0.0047) was observed at
D4S2982, which was 10 cM proximal to D4S1597 (Table II)
On chromosome 6, multipoint linkage analysis showed NPL
scores43 throughout a region between 39.9 cM and 62.3 cM
with a maximum peak of 4.58 (p¼ 0.000032) at 48.3 cM, which
locates D6S1645. Multipoint NPL scores of the 10 neighboring
markers were as follows (Fig 2):
D6S422 at 35.7 cM¼ 2.73 (p¼ 0.004)
D6S1691 at 42.7 cM¼ 3.44 (p¼ 0.00062)
D6S276 at 44.9 cM¼ 3.68 (p¼ 0.00033)
D6S1568 at 47.6 cM¼ 3.78 (p¼ 0.00026)
D6S1618 at 48.2 cM¼ 3.93 (p¼ 0.00018)
D6S1629 at 48.4 cM¼ 4.27 (p¼ 0.000072)
D6S1602 at 52.4 cM¼ 3.82 (p¼ 0.00023)
D6S1610 at 53.9 cM¼ 4.00 (p¼ 0.00015)
D6S1562 at 58.2 cM¼ 3.72 (p¼ 0.0003)
D6S1575 at 62.3 cM¼ 3.49 (p¼ 0.00054).
We also observed a multipoint HLOD score peak of 4.25
(a¼ 53%) at D6S1645 (Fig 2). Two-point linkage analysis re-
vealed the highest HLOD score of 4.30 with a¼ 58% of linked
families and NPL score of 3.86 (p¼ 0.00021) at D6S1610 (Table II).
The results above exceeded the criterion of p¼ 0.01 required for
independent con¢rmation of previously documented signi¢cant
linkage (Lander and Kruglyak, 1995).
The remained of the loci listed in Table II did not reach the
generally accepted threshold of suggestive evidence for linkage
(pr7.410^4 or LOD scoreZ1) (Lander and Kruglyak, 1995),
but we reported these results because of their potential interests.




Two a¡ected members 17
Three a¡ected members 33
Four a¡ected members 6
Five to ten a¡ected members 5
Total independent families 61
Total a¡ected family members 189
Total a¡ected male 107
Total a¡ected female 82
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DISCUSSION
The pathogenesis of psoriasis is complex, with both genetic and
environmental factors contributing to the development of the
disease. Many una¡ected individuals carry one or more alleles,
but lack other genetic and/or environmental factors necessary to
produce disease (Elder et al, 2001). Genes that contribute to sus-
ceptibility to psoriasis are still unknown. Many studies in di¡er-
ent populations have shown evidence for linkage on di¡erent
chromosomes, implying an ethnic variation in the genetic sus-
ceptibility to psoriasis. Until now, most genome-wide scans for
psoriasis were conducted in Caucasians. There are very few data
from east and south-east Asian populations. Comparison of data
from di¡erent ethnic groups apparently would add to our under-
standing of the genetic causes of psoriasis vulgaris. Here we
reported the results of a genome-wide scan for the psoriasis genes
in a Chinese Han population residing in east and south-east
China using nonparametric and parametric linkage analyses.We
con¢rmed a previous reported locus PSORS1 at 6p21with signif-
icant linkage evidence.The information contents of most markers
at 6p were higher than 90%.The maximum multipoint NPL va-
lue of 4.58 (p¼ 0.000032) and HLOD score of 4.25 (a¼ 53%)
were reached at locus D6S1645 (at 48.3 cM), which is su⁄ciently
close to the HLA complex. Multipoint linkage analysis showed
NPL scores43 throughout a region (39.9^62.3 cM) that includes
the major histocompatibility complex (MHC) and some other
genes. Although the candidate interval at 6p21 is still large (com-
prisingZ22.4 cM) and it is hard to ascertain susceptibility genes
within the HLA region or outside it from this study, we will still
aim at HLA region in further studies as our previous case^control
studies have shown association of psoriasis with certain class I and
II MHC alleles (Zhang et al, 2002). In addition, the psoriasis pro-
cess comprises immune-mediated cutaneous in£ammation and
keratinocyte hyperproliferation. (Van de Kerkhof and Bos, 1995),
Table II. Summary of two-point nonparametric and parametric linkage analyses
Chromosomal Distance
Nonparametric analysis Parametric analysis
location Marker (cM)a (from pter) NPL p value LOD HLOD a
2p14 D2S391 74.6 2.06 0.02 1.41 0.38
2p13 D2S337 84.1 2.13 0.017 1.55 0.35
2p11 D2S286 98.4 1.81 0.035 0.62 0.28
4q28 D4S424 143.8 2.13 0.018 0.60 0.24
4q28 D4S3008 152.5 2.05 0.022 1.52 0.46
4q31 D4S413 157.9 2.34 0.011 1.34 0.42
4q31 D4S2982 159.1 2.68 0.0047 1.95 0.40
4q31 D4S2997 159.1 2.55 0.0066 2.23 0.47
4q31 D4S1597 169.1 2.27 0.013 2.43 3.94 0.77
4q31 D4S2979 170.9 1.82 0.036 1.87 0.42
6p21 D6S422 35.7 2.57 0.0062 1.25 0.36
6p21 D6S1691 42.7 3.11 0.0015 1.74 0.37
6p21 D6S276 44.9 2.66 0.0049 1.57 0.37
6p21 D6S1568 47.6 2.95 0.0023 1.45 0.37
6p21 D6S1618 48.2 3.02 0.0019 1.55 0.37
6p21 D6S1645 48.3 3.56 0.00046 3.87 0.61
6p21 D6S1629 48.4 2.67 0.0048 1.00 3.23 0.67
6p21 D6S1602 52.4 2.40 0.0094 1.53 0.41
6p21 D6S1610 53.9 3.86 0.00021 4.30 0.58
6p12 D6S1562 58.2 2.62 0.0055 2.63 0.61
6p12 D6S1575 62.3 3.36 0.00078 1.60 0.36
6q14 D6S460 90.0 2.61 0.0056 1.56 0.39
9q33 D9S1682 136.2 2.74 0.0038 3.76 0.52
9q33 D9S290 142.7 2.27 0.012 2.61 0.44
13q22 D13S159 81.5 2.44 0.0083 0.74 0.28
13q31 D13S173 96.0 2.02 0.022 1.63 0.44
20q11 D20S107 54.9 2.57 0.0062 1.87 0.44
aAccording to the ¢nal Genethon human linkage map (Dib et al, 1996).
Figure1. Multipoint nonparametric and parametric linkage ana-
lyses of chromosome 4.
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so HLA is very critical positional and functional candidate region
for searching psoriasis susceptibility genes. The HLA complex is
nearly 3.5 million pairs long and contains more than 200 genes,
and about 40% of the expressed genes are involved in the im-
mune system, some of which are potential candidates as psoriasis
susceptibility genes both on the basis of their chromosomal posi-
tion and their function (The MHC Sequencing Consortium,
1999). MICA (MHC class I chain-related gene A), which is
located 46 kb from HLA-B and encodes a 383-amino acid cell
surface protein of 43 kDa, has been previously been found to be
associated with psoriasis and psoriatic arthritis in Caucasian
(Gonzalez et al, 1999). Recently, Cheng et al (2000) reported
signi¢cant association between chronic plaque psoriasis and a
polymorphism in the MICA gene in a Chinese population. The
biologic function of MICA is not yet established but it is specu-
lated that it is a marker of cellular distress, targeting a cell for de-
struction by natural killer cells or cytotoxic T cells (Bauer et al,
1999). This may be relevant to some models of the immuno-
pathogenesis of psoriasis that have recently been proposed (Nick-
olo¡ et al, 1999). Therefore, MICA gene may be one of positional
and functional candidate genes for susceptibility to psoriasis
in Chinese Hans. Likewise, other important candidate genes of
interest in MHC are HLA-C, CDSN, and HCR, although novel
genes yet unknown may also exist; however, accumulating evi-
dence shows that HLA-C is not itself the causative gene but
rather a marker for a gene close by that is in linkage disequili-
brium with it (Barker, 2001). CDSN gene, previously referred to
as ‘‘S’’ gene, which locates about 160 kb telomeric to HLA-C is
expressed exclusively in di¡erentiating epidermal keratinocytes
and encodes corneodesmosin, a protein showing signi¢cant
homologies to granular cell layer components (Zhou and Cha-
plin, 1993). Recent studies have demonstrated strong association
between allele 5 (a particular allelic form of CDSN) and psoriasis
(Allen et al, 1999), and comparative association analysis revealed
that corneodesmosin was more closely associated with psoriasis
than HLA-Cwn0602-Bn5701 in German families (Schmitt-Egen-
olf et al, 2001). Another candidate gene HCR (also known as
PG8) is located 110 kb telomeric to HLA-C. At present its func-
tion remains unknown, although the mRNA is overexpressed in
keratinocytes of psoriatic lesions. Asumalahti et al (2000) have
screened HCR for nucleotide polymorphisms and have shown a
signi¢cant association with psoriasis in a sample of Finnish pa-
tients and controls. Coding haplotype analysis also supported
HCR as the putative susceptibility gene for psoriasis at the
MHC PSORS1 locus (Asumalahti et al, 2002). O’Brien et al
(2001), however, concluded that HCR polymorphisms displayed
association with psoriasis due to linkage disequilibrium with
HLA-Cwn0602 and was unlikely to be a psoriasis susceptibility
gene. Currently, Nair et al (2000) localized PSORS1 to a 60 kb
interval extending from 30 to 90 kb from HLA-C toward the
telomere end of chromosome 6p, but no genes have been identi-
¢ed in this region to date.
Evidence for a second dominant psoriasis susceptibility locus
near D4S1535 (PSORS3) on chromosome 4q has recently been
reported in one English and ¢ve Irish families (Matthews et al,
1996). In their study, this locus gave a maximum total pairwise
LOD score of 3.03 under a dominant model with 70% penetrance
and demonstrated signi¢cant excess allele sharing, with
p¼ 0.00026. Although this locus could not be con¢rmed in other
studies, Nair et al (1997) found weak linkage to D4S413
(LOD¼1.01, allele sharing p¼ 0.04), which is about 40 cM prox-
imal to D4S1535. Our results showed highly suggestive evidence
for linkage on chromosome 4q.The average information contents
of markers at 4q reached 84%. Multipoint nonparametric linkage
Figure 2. Multipoint nonparametric and parametric linkage ana-
lyses of chromosome 6.
Figure 3. Information contents on chromosome 4q (part of GENE-
HUNTER output).
Figure 4. Information contents on chromosome 6p (part of GENE-
HUNTER output).
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anlaysis revealed the NPL scores were all 43 in the range of
152.5^165.1 cM and the highest NPL score of 3.69 (p¼ 0.00033)
was reached at D4S413, which provided evidence of highly sug-
gestive linkage (pr7.410^4) based on stringent criteria for a
novel candidate region on chromosome 4q (Lander and Kru-
glyak, 1995). The maximum two-point LOD score of 2.43 and
HLOD score of 3.94 (a¼ 77%) were obtained at D4S1597; how-
ever, D4S1535, which is about 30 cM distal to D4S1597, yielded
an NPL score of 0.74 (p¼ 0.23) and a maximum HLOD of
^0.0036 in our data. Our results couldn’t con¢rm linkage between
psoriasis and PSORS3, but we identi¢ed another candidate re-
gion of highly suggestive linkage proximal to the previously re-
ported locus (PSORS3) at 4q. Several important genes have been
mapped to this candidate region. Interleukin (IL)-15, which is lo-
cated on chromosome 4q31, encodes a cytokine that a¡ects T cell
activation and proliferation similarly to IL-2. Grabstein et al
(1994) found that IL-15 was transcribed in a variety of cell types,
including ¢broblasts, epithelial cells, and monocytes. Ku et al
(2000) reported that the number of CD8þ memoryTcells in an-
imals was controlled by a balance between IL-15 and IL-2. As
psoriasis resembles a T cell-mediated autoimmune disease, IL-15
represents an interesting positional and functional candidate at
4q for psoriasis susceptibility.
In conclusion, using a genome-wide scan method, signi¢cant
evidence was found for linkage with psoriasis vulgaris on chro-
mosome 6p21 (PSORS1) and highly suggestive evidence for link-
age on chromosome 4q31 in Chinese Han families. This study has
not replicated the linkage results at 17q (PSORS2), 4q (PSORS3),
1q (PSORS4), 3q (PSORS5), 19p (PSORS6), and 1p (PSORS7).
These results are consistent with the notion that the molecular
genetic basis of psoriasis is complex with heterogeneity and mul-
tiple genes involved. The susceptibility locus PSORS1 appears to
represent the major locus in this disorder. Further studies on the
typing of HLA-B and HLA-C and linkage disequilibrium analy-
sis would be needed to make ¢ne scale mapping of this region
feasible and help to compare our data with reports on the Cauca-
sian population. The elucidation of the molecular mechanisms
underlying such genetic interactions must await the identi¢cation
and functional analysis of the relevant genes.
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